The controlled, coherent manipulation of nuclear spin is an important step toward realization of the solid state qubits. Through the hyperfine interaction between conduction electron spin and nuclear spin, various type of electrical control of nuclear spins has been demonstrated [1] [2] [3] . Particularly, dynamic nuclear spin polarization (DNP) induced by the breakdown (BD) of quantum Hall states (QHS) exhibited very simple but robust method to control nuclear spin state. Up to now, this method has been explored in odd-integer QHS and DNP along the external field has been revealed [3, 4] . However, it is less known about DNP induced by the BD of even-integer QHS. The large cyclotron energy gap between even-integer QHS and next QHS prevents sensitive detection of DNP from the measurement of longitudinal resistance at even-integer QHS. Here, we show that sensitive detection of DNP induced by the BD of even-integer QHS can be achieved by using electrical pump-probe technique.
Introduction
The controlled, coherent manipulation of nuclear spin is an important step toward realization of the solid state qubits. Through the hyperfine interaction between conduction electron spin and nuclear spin, various type of electrical control of nuclear spins has been demonstrated [1] [2] [3] . Particularly, dynamic nuclear spin polarization (DNP) induced by the breakdown (BD) of quantum Hall states (QHS) exhibited very simple but robust method to control nuclear spin state. Up to now, this method has been explored in odd-integer QHS and DNP along the external field has been revealed [3, 4] . However, it is less known about DNP induced by the BD of even-integer QHS. The large cyclotron energy gap between even-integer QHS and next QHS prevents sensitive detection of DNP from the measurement of longitudinal resistance at even-integer QHS. Here, we show that sensitive detection of DNP induced by the BD of even-integer QHS can be achieved by using electrical pump-probe technique.
Experiment
We fabricated Hall-bar geometry ( Fig. 1) and Corbino geometry samples made from GaAs/AlGaAs two-dimensional electron gas (2DEG). 2DEG has density n = 1.6×10 15 m -2 and mobility µ =220 m 2 /Vs at 50 mK. Magnetic field are applied perpendicular to the sample plane to adjust the bulk filling factor to be ν = 2 or 4. By using top-gate, filling factor of the channel regions can be controlled. Electrical pump-probe has been done by the following sequence at the measurement temperature of 20 mK. First, DNP was induced by the BD of the filling factor ν =1.8-2.2 (within the plateau of ν =2). Second, the filling factor was controlled to ν =1 by adjusting top gate voltage and the longitudinal resistance was measured.
Results
The results of pump-probe experiment pumped at ν =1.8 are shown in Fig. 2 . At the pump current of 1000 nA [ Fig. 2(a) ], the threshold current of the breakdown at ν =1.0 increases with the pumping time. This corresponds to the down nuclear spin polarization. On the other hand, the threshold current decreases when we used pump current of Fig. 2(b) ], corresponding to the up nuclear spin polarization.
Conclusions
From both type of the samples, we observed significant change in the critical current of the GHS-BD at ν =1 depending on the amplitude of pumping current. These results demonstrate that DNP can be induced by the BD of even-integer QHS.
